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ABSTRACT. Struyf PA, van Heugten CM, Hitters MW,
meets RJ. The prevalence of osteoarthritis of the intact hip
nd knee among traumatic leg amputees. Arch Phys Med
ehabil 2009;90:440-6.
Objective: To determine the prevalence of osteoarthritis
OA) in the knee and/or hip of the intact leg among traumatic
eg amputees compared with the general population and its
elationship with amputation level, time since amputation, age,
nd mobility.
Design: Cross-sectional observational study.
Setting: Outpatient population of 2 Dutch rehabilitation
enters.
Participants: Patients (N78) with a unilateral traumatic
ranstibial amputation, knee disarticulation, or transfemoral
mputation of at least 5 years ago; ability to walk with a
rosthesis; older than 18 years of age; and able to understand
utch. Patients were excluded if they had bilateral amputa-
ions, other pathologies of the knee or hip, or central neurologic
athologies.
Interventions: Not applicable.
Main Outcome Measure: The prevalence of OA.
Results: The prevalence of knee OA was 27% (men 28.3%,
omen 22.2%) and hip OA was 14% (men 15.3%, women
1.1%). This was higher compared with the general population
knee OA men 1.58%, women 1.33%, hip OA men 1.13%,
omen 0.98%, age adjusted). No significant relationships be-
ween the prevalence of OA and level of amputation, time since
mputation, mobility, and age were found.
Conclusions: The prevalence of OA is significantly greater
or both the knee and hip in the traumatic leg amputee popu-
ation. No specific risk factors were identified. Although no
pecific risk factors in this specific population could be iden-
ified, it might be relevant to apply commonly known strategies
o prevent OA as soon as possible after the amputation.
Key Words: Amputation; Lower extremity; Osteoarthritis;
ehabilitation.
© 2009 by the American Congress of Rehabilitation
edicine
N MEDICAL PRACTICE, patients with a traumatic ampu-
tation often complain of pain and loss of mobility in the
ntact leg. A plausible explanation could be that these patients
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rch Phys Med Rehabil Vol 90, March 2009evelop OA at a faster rate than nonamputees. Changes in gait
attern with alterations of ground reaction forces in the intact
imb have been documented.1 In the current literature, some
vidence is found for the hypothesis that gait alteration and
ncreased joint load exhibited by amputees with a prosthesis
ay result in abnormal joint loading that, over time, may lead
o joint pain and degeneration.2,3
OA was once thought to occur as a result of aging, when the
oints were just worn out.
Although the etiology of OA remains elusive, the imbalance
etween the synthesis and degradation of the articular cartilage
esults in increased deterioration or breakdown of the cartilage
nd the formation of new bone at the joint surfaces and mar-
ins. This breakdown of joint cartilage often results in joint
ain and loss of mobility, which may lead to long-term dis-
bility. OA occurs when the cartilage is loaded in a different
ay and the cartilage is not able to adjust itself to this altered
emand. OA has a multifactorial origin that can be divided into
ocal biomechanical and systemic factors.
Systemic risk factors for OA include age and sex.4 Evidence
s also found for the importance of nutritional factors, estrogen
tatus, bone density, and genetic factors.4,5 In a recent review,
pector and MacGregor6 suggested the importance of the ge-
etic component; a heritability of 50% or more for OA of hand
nd hip was found, with a lower percentage for the knee. Local
iomechanical factors are obesity, joint deformity, malalign-
ent, trauma (intra-articular fractures), meniscus pathology,
igament injury, muscular weakness, ligament laxity, proprio-
eptive problems, overloading by risk sports, and occupations.5
ports with high intensity and acute direct impact on the joints,
epetitive stress, and torsion on joints are associated with
egenerative changes.7,8 The same applies to occupations re-
uiring kneeling or squatting along with heavy lifting.9
In the current literature, some evidence is found that trau-
atic leg amputees are at a greater risk than nonamputees of
eveloping OA in the knee or hip of the intact limb. Norvell et
l3 conducted a retrospective cohort study including 62 male
merican war veterans with a traumatic transtibial or trans-
emoral amputation. They found an overall prevalence of
ymptomatic knee OA of 16.1% and 11.7% for amputees and
onamputees, respectively. The standardized prevalence ratio
f symptomatic OA for the knee of the intact limb was 1.4
mong transtibial amputees and 1.3 among transfemoral am-
utees.3 The diagnosis of OA of the knee by using the ACR
riteria was established by a telephone interview. OA of the hip
as not investigated. The mean age of the amputees was 63
ears. Transfemoral amputations were present in 29%, and
1% had transtibial amputations. Time since amputation was
ot mentioned.
List of Abbreviations
ACR American College of Rheumatology
BMI body mass index
OA osteoarthritis































































441OSTEOARTHRITIS AMONG TRAUMATIC LEG AMPUTEES, StruyfAnother retrospective cohort study including 44 male British
ar veterans showed a prevalence of OA of the hip of the intact
imb of 23%. The diagnosis of hip OA was determined from a
ingle anterior-posterior pelvic radiograph using minimum joint
pace and the Kellgren and Lawrence scoring system.2 OA of the
nee was not investigated. The mean age of the amputees was 73
ears. Transfemoral amputations were present in 34%, and 29%
ad transtibial amputations. Time since amputation was not men-
ioned.
Finally, a study consisting of 32 male amputees (8 volleyball
layers, 24 nonvolleyball players) reported a prevalence of
5.6% OA of the knee of the intact limb.10 The presence of
nee OA was determined by a questionnaire, physical exami-
ation, and radiographs.
As the most common form of arthritis, OA accounts for high
osts and great dependency in the affected population.11 There-
ore, it is of great importance to identify as early as possible
hose patients who are at risk of developing OA. Effective
hondroprotective therapy could be useful when applied to
igh-risk individuals before the emergence of symptoms.12
specially in the amputee, the intact leg is most essential for
he preservation of mobility. Possible preventive measures are
eight reduction, prevention of knee trauma, adjusted work, and
ports participation.13 For example, weight loss can reduce the risk
or knee OA by 50%.14 Eliminating jobs requiring knee bending
nd carrying would decrease OA rates by 15% to 30%.13
Therefore, the main objective of this study was to determine
he prevalence of OA in knee and/or hip of the intact leg among
raumatic amputees in a common rehabilitation population. The
econd objective was to determine a relation between the presence
ig 1. ACR classification crite-
ia for OA of hip and knee. (A)
CR-clinical classification cri-
eria for osteoarthritis of the
ip (1991) using history, phys-
cal examination, and labora-
ory data. (B) ACR-clinical
lassification criteria for os-
eoarthritis of the knee (1986)
sing history and physical ex-
mination. Abbreviation: ESR,
rythrocyte sedimentation
ate.f OA and factors that can be influenced in health care on the one
and (eg, weight, mobility, work, and sports) and amputation
evel, time since amputation, and age on the other hand.
METHODS
esign
A cross-sectional observational study was conducted. Patients
ere examined once with a physical examination, they had to fill
ut a questionnaire, and the medical record was checked.
articipants
All unilateral traumatic amputation patients (n237) of the
utpatient population of 2 Dutch rehabilitation centers (Eind-
oven, Tilburg) were identified. After checking the databases
f the prosthetic companies affiliated with the rehabilitation
enters, 192 patients appeared to be possible candidates for the
tudy (ie, alive and known address). Inclusion criteria were
raumatic transtibial amputation, knee disarticulation, and
ransfemoral amputation of at least 5 years before start of the
tudy; able to walk with a prosthesis; older than 18 years of
ge; and able to read and fill out a questionnaire. Exclusion
riteria were bilateral amputations, central neurologic comor-
idity, inflammatory joint diseases, and/or fractures of articular
urfaces in the nonamputated hip or knee and not giving
ermission to participate. We selected traumatic amputees be-
ause of their higher life expectancy resulting in a higher
hance of developing OA and minimalizing interference of
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A
ators and participate more in sports and work than vascular
mputees, which provides more possibilities to check for found
isk factors that can be addressed by the implementation of
reventive measures.
rocedure
Patients were recruited through the database of the prosthetic
ompanies in Eindhoven and Tilburg because they appeared to
e more complete than the databases of the rehabilitation
enters. The prosthetic company contacted the patients who
et the inclusion criteria for the study by telephone informing
hem about the purpose of the study and asking whether they
ere interested in participating. The companies were not in-
olved in any other way. If a patient considered participation,
he main researcher (PS) contacted them by telephone, checked
he exclusion criteria, sent an informed consent form, and made an
ppointment to visit the participant for data collection. One visit
as made in which the consent form was checked, the physical
xamination was conducted, and the questionnaire was filled out
y the patient. The patient was also asked to give permission to
heck his/her medical records at the rehabilitation center. This
rocedure was approved by the local medical ethics committee of
he Rehabilitation Foundation, Limburg and the Institute for Re-
abilitation Research in Hoensbroek, The Netherlands.
Total population: 237
No candidate: 45 
• Died: 19 
• Unable to trace, no 
customer, other region: 
26
Potential candidates:  192 
No show: 2 
Refusal participation: 25  
Can
Exclusion : 87 
- Vascular pathology: 39  
- Not wearing prosthesis: 9 
- Bilateral amputation: 8 
- No traumatic amputation:17(automutilation: 1 /
congenital: 3/tumor: 6/ infection: 6/ CRPS: 1) 
- Intra-articular fracture intact leg: 1 
- Amputation level: 5 
- Central neurologic disease: 4 
- <5 years amputation: 2
rch Phys Med Rehabil Vol 90, March 2009easurements
The physical examination was conducted by 2 rehabilitation
hysicians (PS, MH) to assess the presence of osteoarthritis in
he hip and/or knee of the intact leg. To establish the presence
f OA, the criteria of the ACR were used15 (fig 1). The
lassification method for the hip has a sensitivity of 86% and a
pecificity of 75%16; the classification of the knee has a sen-
itivity of 95% and specificity of 69%.17 Joint mobility of the
ip was measured with a gravity goniometer.18,a
The questionnaire consisted of questions necessary for the
iagnosis of OA, risk factors for OA, and questions related
o the amputation and the SIGAM mobility scale. Risk
actors for OA including age, sex, obesity, estrogen status,
amily history of OA, the presence of osteoporosis, risk
ccupations, and sports were assessed to identify possible
onfounders. The SIGAM mobility scale was translated into
utch and validated in Dutch by Rommers.19 The inter- and
ntraobserver reliability and responsiveness have been
roven to be good. This questionnaire consists of 21 ques-
ions filled out by the patient. Using a mobility scale is
referred over a walking test because these tests are per-
ormed under standardized conditions that do not correspond
ith the reality of daily life.20
s: 165 
Participants : 78 
Fig 2. Patient flow. Abbrevia-didate
 




















443OSTEOARTHRITIS AMONG TRAUMATIC LEG AMPUTEES, Struyfata Analysis
Descriptive statistics were used to characterize the popula-
ion. The weight of the patients was corrected for the loss of
ody weight because of the amputation. For transtibial ampu-
ations, a correction of 4.5% was used; for knee exarticulations,
correction of 7.1% was used; and for transfemoral amputa-
ions, a correction of 12.9% was used.21 For comparison of
revalence rates in the Dutch general population, prevalence








Weight adjusted (kg) 86.6













Use of pain medication 11
Phantom limb pain 37




Knee and hip (n77) 8
Family history of OA (n77) 10
Pain in healthy limb
Knee 32
Hip 20




Grade A (abandoned/cosmetic) 0
Grade B (transfers/nursing/therapy) 0
Grade C (50m, even ground) 1
Grade D (50m, uneven ground) 21
Grade E (occasional aid outside) 10








Work with risk of OA 14
Former work with risk of OA 10bbreviation: IQR, interquartile range.
Values are mean  SD unless otherwise indicatedhe prevalence of OA in the general population, the general
ractitioners’ registrations of 5 registration studies in The
etherlands were used: CMR-Nijmegen e.o. (1996–2000),
weede Nationale Studie (2000–2002), RNH-Limburg (1997–
000), RNUH-LEO (1998–2001), and Transitieproject (1985–
000).22
Chi-square and independent t tests were used to test differ-
nces between patients with and without OA for the following
ariables: sex, age, weight, family history of OA, time since
aracteristics
% Range Median (IQR)
77
23
1 20–85 53.0 (46.7–63.0)
2 60–130 80.0 (73.8–88.1)
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A
mputation, level of amputation, and mobility. Alpha was set at
01; this includes a Bonferroni correction for multiple compar-
sons. SPSS version 13b was used.
RESULTS
articipants
The population of potential candidates for the study con-
isted of 192 patients. A total of 78 traumatic amputees (43
ranstibial, 11 knee disarticulations, and 24 transfemoral) met
he study criteria and had complete data (40.6%). The patient
ow is shown in figure 2; the total population of 237 was
educed to 87 participants after applying the inclusion and
xclusion criteria.
The characteristics of the patients are shown in table 1.
hree quarters were men; the mean age  SD was 54.513.1
ears. The mean BMI was 28.5; 86% were overweight (ie,
MI25). Almost half of the patients reported pain in the
tump. More than half of the patients had normative mobility
atterns. One patient reported a history of osteoporosis, and 3
omen used hormone substitutes altering estrogen status.
revalence of Osteoarthritis
The overall prevalence of knee OA was 21 (27%) of 78
ubjects, 11 (14%) of 78 subjects for hip OA, and 8 (10.3%) of
8 subjects for OA in both the knee and hip. One patient was
ounger than 50 years of age when OA of the knee was
Table 2: Prevalence of OA in Comparison to the
General Population
OA Type
Traumatic Amputees General Population*
Male (%) Female (%) Male (%) Female (%)
Knee 28.3 22.2 1.58 1.33
Hip 15.3 11.1 1.13 0.98
Year prevalence of OA in general practitioner registration standard-
zed for age and sex in The Netherlands in 2000.22




Age* 53.8 (13.3) 59.3 (11.9
Time since amputation* 28.3 (15.2) 32.5 (17.1
Level of amputation
Transtibial 36 7
Knee disarticulation 9 1
Transfemoral 21 3
Mobility
Grade A–E 26 5








Family history of OA
Yes 9 1
No 56 10t test was used for independent samples; for all other variables, the chi
rch Phys Med Rehabil Vol 90, March 2009iagnosed. (One of the ACR criteria is age over 50 years of
ge.) Most patients had an amputation of the left leg (62%), and
he time since amputation was 28.915.3 years on average.
In comparison with the prevalence of OA in the general
opulation according to general practitioners’ registration in
he Netherlands (table 2), a higher prevalence of OA in both
he knee and hip of the intact limb was found in the amputee
opulation.
elationship With Other Factors
In table 3, the presence of OA is shown in relation to
utative risk variables. Participants with and without OA of the
nee or hip did not differ significantly with respect to all
ariables tested including time since amputation, level of am-
utation, and mobility. The potential confounding factors sex,
eight, and family history of OA also did not differ signifi-
antly between the groups with and without OA of the hip and
nee. Because of the low prevalence of hormone substitution,
steoporosis, and work and sports with a high risk of develop-
ng OA, these relationships were not further investigated.
DISCUSSION
The main objective of this study was to determine the
revalence of OA in the knee and/or hip of the intact leg among
raumatic leg amputees. The second objective was to determine
hether there is a relation between the presence of OA and
mputation level, time after amputation, age, and mobility.
The overall prevalence of knee OA was 27%, hip OA was
4%, and OA in both the knee and hip was 10.3%. These
esults are largely comparable to the results in previous studies,
espite their selective population characteristics (ie, male vet-
rans and volleyball players2,3,10) and the way the diagnosis of
A was established (ie, by telephone interview3). In compar-
son to the general population, the group of amputees in our
tudy had much higher prevalence rates. This could not be
xplained by age and sex because the rates for the general
opulation were also age adjusted. In the present study, factors
ssociated with the presence of OA were not found. The results
and Without OA of Hip and Knee
Knee OA
P No Yes P
.20 52.4 (13.2) 60.2 (11.1) .01
.40 28.1 (15.0) 31.2 (16.2) .45
.84 31 12 .78
9 2
17 7
.70 20 12 .08
37 9
.66 43 17 .61
14 4
.10 80.8 (11.7) 80.8 (9.9) 1.00
.67 49 17 .92
8 3









































































































445OSTEOARTHRITIS AMONG TRAUMATIC LEG AMPUTEES, Struyfmply that traumatic leg amputees in general are at a relatively
igh risk for developing OA, but no specific risk factor such as
mputation level, time after amputation, age, and general mo-
ility could be identified.
If traumatic amputees are indeed high-risk individuals, they
ould benefit the most from commonly known primary pre-
entive strategies as soon as possible immediately after the
mputation. The currently known modifiable risk factors are
besity, occurrence of knee injury, and jobs requiring bending
nd carrying.13 Femoral muscle strengthening can also be an
ffective strategy for primary prevention.13 In other words,
rom the moment an amputee patient starts walking with a
rosthesis, abnormal joint loadings can appear; these should be
revented as much as possible. In addition, in our group, a
arge amount of subjects was overweight, even when correcting
or the loss of body mass because of the amputation. Weight
ontrol would be an evident strategy. From studies on the
revention of OA, we also know that avoiding work and sports
ith a high risk of developing OA and exercises that strengthen
he femoral muscles to minimize joint loading should also be
onsidered.
The impact of knee pain and symptomatic OA on the mo-
ility of the amputee has not been investigated before. In a
ecent study on the mobility of amputees, Geertzen et al23
ound that the chance of walking 500m or more reduced with
n increase in age, vascular disease, a more proximal amputa-
ion, phantom pain, and stump pain. In our study, we found no
elationship between OA and mobility grade. However, it
hould be taken into account that the use of the SIGAM to
easure mobility showed a ceiling effect because most ampu-
ees had normal or near to normative mobility (ie, the highest
coring level).
The quality of prosthetics for leg amputees has improved
rastically over the past 10 years. This might lead to less
bnormal joint loadings in the current population than was
pparent in the population we studied because the time since
mputation was rather long in our group (28.9y on average).
tudy Limitations
There was a limitation in our study. Although 78 is a
onsiderable number of traumatic amputees, to study the prev-
lence of OA of knee and hip in the nonamputated leg, a
rospective design with a larger number of patients is needed
o study relationships between risk factors and the presence of
A. Furthermore, this extremely common and often function-
lly disabling condition needs additional research as a major
arget area in physiatry, as already stated by Stitik and Foye.24
Prospective studies in the general population identified obe-
ity and increased joint load as being risk factors for the
evelopment of OA.5,7-9 Our results do not refute the use of
enerally advised preventive measures such as weight control
nd proper reduction of weight load (eg, avoiding work and
ports causing high loadings of the intact limb, optimizing the
trength of femoral muscles).13
During the investigation, several participants mentioned
pontaneously that they hop on 1 leg during transfer or short
istances. For example, some participants hop to the toilet
uring the night to gain time by not putting on the prosthesis.
nfortunately, this heavy joint loading activity and the time the
atient was using this form of ambulation was not taken into
ccount at the start of our study.
Although ongoing clinical drug trials mostly use standard-
zed plain radiographs to monitor structural changes in the
oint, the good relationship between the preservation or im-
rovement of joint structure and improvement in patient-rele-
ant symptoms and function remains a hypothesis that is still toe proven.25 A recent cross-sectional study of Barker et al26 on
atients with severe OA of the knee found a considerable
ariety in function, pain, and muscle strength within patients
ith graphic score. Radiographic and laboratory findings do
ot correlate well with the disease itself; therefore, the diag-
osis is made by clinical findings. Joint pain is the cardinal
linical presentation.27 In epidemiologic studies, often, but not
lways, a radiograph is used for the diagnosis of OA. Radio-
raph-based studies and those using history and clinical find-
ngs roughly come to the same result. On the other hand, some
tudies have relied on a self-reported diagnosis. This approach
orrelates poorly with confirmed disease.13 For these reasons
nd because a history/clinical-based diagnosis is of more func-
ional relevance, we chose not to use radiographic evaluation
nd instead used the clinical ACR criteria.
It is possible that some bias may have arisen because we
sed the database of prosthetics companies. However, the
atabase of the rehabilitation centers was not accurate enough
o trace all traumatic leg amputees. One of the reasons was that
ome of the older amputees were erased from the rehabilitation
atabase because they had been finished with rehabilitation
are for over 10 years. Because of Dutch law, medical records
ave to be destroyed 10 years after the last visit. In the
rosthetic company database, all amputees are invited to have
heir prosthesis updated at least every 3 years, which makes
heir database more complete and reliable. To include as many
articipants as possible, which is necessary considering the low
revalence of OA, we chose to conduct the study on basis of
he database of 2 prosthetic companies in 2 cities. This also
nlarges the representation and therefore the external validity
f the study. In the further course of the study, the 2 companies
ere not involved in any way. All amputees supervised by the
rosthetic companies were initially referred by the rehabilita-
ion centers. Therefore, our study population is representative
or the regular rehabilitation population.
CONCLUSIONS
In comparison to the prevalence of OA in the general pop-
lation according to general practitioners’ registration, we
ound a significantly higher prevalence of both knee OA and
ip OA of the intact limb in the amputee population. As a result
f the study, we believe that the implementation of preventive
easures for OA in the rehabilitation management of amputees
hould be considered.
Acknowledgments: We thank the prosthetic companies LIVIT in
indhoven and Tilburg for putting their databases at our disposal. We
hank F. Struyf, PT, for his technical support in the use of SPSS.
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